Forced normalization is the development of psychiatric symptoms in a patient experiencing remission of seizures. We present a case of Lennox Gastaut syndrome in which forced normalization developed after vagus nerve stimulation was stopped. The patient had drug resistant epilepsy and failed anti-seizure drugs, vagus nerve stimulation, and a partial callosotomy. The patient had multiple types of seizures including drop attacks, absences, and tonic-clonic seizures. He tried vagus nerve stimulation for two years without success. Forced normalization developed after the vagus nerve stimulator was turned off. This is the first case to our knowledge to describe forced normalization after turning off the vagus nerve stimulator.
Introduction
Forced normalization (FN) is an intriguing phenomenon characterized by the emergence of psychiatric disturbances following the establishment of seizure control or reduction in epileptiform activity on the EEG in a patient with previously uncontrolled epilepsy [1] . The mechanism of FN remains unclear. Theories include alteration in the inhibitory mechanisms of the limbic system after gaining seizure control; a true biological antagonism between seizures and psychosis; ongoing status epilepticus in the limbic system; propagation of epileptiform discharges along unusual pathways, as well as electrical kindling [2] . The phenomenon is more common in patients with intellectual disability and drugresistant epilepsy, such as those with Lennox Gastaut syndrome (LGS) [3] . Here we discuss a complex case of LGS in which FN developed after vagus nerve stimulation (VNS) was stopped.
Case report
A 31-year-old male patient with a diagnosis of LGS suffered drugresistant epilepsy since the age of 20 months. Aside from moderate cognitive delay, he did not have any other medical conditions. Family history was significant for depression in his mother and two great uncles who committed suicide. The patient experienced different types of seizures including tonic-clonic, tonic, atonic and atypical absence seizures. Several inter-ictal EEGs showed burss and fragments of generalized slow spike-wave. A brain MRI was normal. A number of anti-seizure medications failed to control his epilepsy including ACTH, zonisamide, phenytoin, valproic acid, topiramate, lorazepam, nitrazepam, clonazepam, clobazam, levetiracetam, lamotrigine and carbamazepine. He also had an unsuccessful trial of cannabidiol. The patient had an anterior corpus callosotomy at age 18 years, which worsened his cognitive function and did not benefit his seizures. Two years later, he began to experience increased frequency of seizures and regular visits to the emergency department. At this time, he was experiencing between 5 and 10 seizures per week (mostly drop attacks and absences) and frequent clusters. Due to the malignant evolution of his seizures he underwent implantation of a vagus nerve stimulator at age 23.
Treatment with VNS helped to improve the severity of seizures but only for six months. The output current reached 2 mA with significant hoarseness. The efficacy was lost after six months of treatment with VNS. Due to no improvement and potential concerns of seizure severity worsening and hoarseness the family requested to stop the stimulation after two years of treatment. Two weeks after the VNS was stopped and without any other change in his regimen, he presented to the emergency department with new onset psychosis. He started hallucinating, laughing randomly, and reacting in the absence of stimuli. He became agitated, aggressive, and restless and presented mood swings, paranoia, persecutory delusions, echolalia and echopraxia. His anti-seizure medications at this time included carbamazepine 500 mg twice daily, lamotrigine 175 mg twice daily and levetiracetam 1250 mg twice daily. Quetiapine 25 mg at night was started in hospital to help manage the psychosis. The patient was neurologically intact with no focal deficits on exam. Serum metabolic, infective and inflammatory workups were unremarkable. Serum carbamazepine levels were therapeutic at 37.8 μmol/L. He was admitted to the psychiatry ward and the dose of quetiapine was increased with slight relief of his psychotic symptoms. Shortly after discharge his seizures returned. During this period of seizures his behavioral symptoms were less severe and easier to manage. Two weeks later he experienced extreme escalation of behavior with concurrent seizure cessation. For several years the patient continued to cycle between periods of seizure activity without behavioral disturbance, and periods of psychosis in the absence of seizures (period of 4 to 6 weeks). The patient had numerous EEGs and portable EEG recordings of 24 h in duration. During the periods of psychosis (Fig. 2) , the EEGs were unremarkable with rare bursts of generalized spike wave. During periods of seizure activity (Fig. 1) , the EEG would show very frequent bursts of generalized slow spike wave (2.5 to 3 Hz), lasting between 4 and 10 s and without clear lateralization of onset and offset. Before the VNS was stopped the EEGs were always very active, showing frequent bursts of GSW. The patient is currently 31 years old and living in a long-term care facility. His anti-seizure medications include carbamazepine 400 mg in the morning, 400 mg in the afternoon and 800 mg in the evening, lamotrigine 175 mg twice daily, clobazam 10 mg twice daily, lacosamide 150 mg twice daily and cannabidiol. His VNS was switched off due to an expired battery. He continues to have 10 to 15 seizures per week but is no longer experiencing periods of psychosis.
Discussion
Our patient met the full criteria for FN [4] including: 1) established diagnosis of epilepsy; 2) subacute behavioral disturbance; 3) complete cessation of seizures for at least one week; 4) dissolution of the spikes assessed in a 60-min awake EEG recording, and 5) recent change in therapeutic regimen (turning off the VNS). Some patients have been reported with new onset of psychiatric symptoms after VNS; although most cases can be attributed to treatment with VNS [5, 6] , a few of them do not meet the criteria for FN [7, 8] . It seems VNS increases Fig. 2 . Shows a wakefulness sample during a period of psychosis (bipolar montage). alertness and reduce sedation, which is independent from seizure control. Acutely increased alertness and decreased sedation may manifest in some patients as a psychosis-like state. Patients with severe intellectual disability may be specifically sensitive for the development of these symptoms.
It is remarkable that after turning off VNS, a therapy that had no substantial benefit to his seizures since implantation, the patient became seizure free. It might be possible that the VNS aggravated seizures and when the device was turned off, seizures were suddenly controlled, triggering a FN syndrome. In that case, this would not be the first report of seizure aggravation with VNS. Koutroumanidis et al. reported severe seizure worsening in a young woman with drug-resistant occipital lobe epilepsy using VNS. Her seizure activity promptly and completely subsided after the stimulator was turned off [9] . Similarly, Arhan et al. reported a case in a child with severe seizure aggravation and status epilepticus [10] . Both cases occurred at a high level of current output (N2.0 mA). Seizure aggravation after the increase in the current output of VNS might be the result of continuous synchronization of brain networks, facilitating the propagation of previously dormant or inactive potential epileptogenic foci. During the time that the VNS was on in this patient there were some concerns of seizure severity worsening, although the VNS was stopped because of side effects. In Table 1 we can see the available cases in the literature where VNS produced exacerbation of seizures (Table 1) .
There was a question as to whether the patient's psychiatric symptoms could be explained by the fact that he was taking levetiracetam, however levetiracetam was removed and the cycles between seizures and psychotic symptoms persisted. Patients with LGS have a tendency to develop chronic psychosis that worsens over time, although for many years he never presented psychiatric symptoms [11] . Finally, it cannot be ruled out that our patient was under the influence of a possible schizophrenic break suffered several years prior, never diagnosed as such, which could have been triggered by the stressful stimulus that was caused by cessation of the VNS. While it is possible that our patient experienced the abrupt onset of long-term psychotic symptoms, it is rare for patients with LGS to have complete seizure freedom and normal EEG for any prolonged period of time [11] . Finally, we do not believe that the callosotomy had any impact in the development of psychiatric symptoms as it was done when the patient was 18 years old and he did not develop psychiatric symptoms until age 25 when the VNS was stopped.
Conclusion
Although psychosis and behavioral disturbance are common with the progression of LGS, FN should be in the differential diagnosis of patients presenting with new-onset psychosis and concomitant seizure freedom. This is the first case to our knowledge that reports the presence of FN after VNS was turned off. We hypothesize that when the VNS was turned off the patient became seizure-free, triggering psychosis. Meanwhile, we cannot exclude other new mechanisms producing forced normalization, such as the stimulation and modification of brain structures that may occur with VNS.
